Objective The aim of this study was to investigate whether or not the purine degradation in the skeletal muscle during forearm exercise is augmentedin patients with diabetes mellitus (DM).
Introduction
In skeletal muscle, adenosine triphosphate (ATP) is catalyzed to adenosine diphosphate (ADP) and adenosine monophosphate (AMP) during exercise (1) . The cells try to maintain a high energy charge (EC) even when the concentration of ATPfalls and the energy level decreases. The EC formula: EC= (ATP+0.5 ADP)/(ATP+ADP+AMP), indicates that a reduction in the concentration of AMP via activation of AMPdeaminase keeps EC high during ATP deficiency (2) .
Excessive release of hypoxanthine (HX) from the exercising muscle has been reported in patients with inherited (3) (4) (5) (6) and acquired disorders (7-ll) . Based on the above concept, the excessive purine degradation in these diseases is due to activation of the purine nucleotide cycle, because AMPdeaminase is activated by the reduction of the EC. Of interest, exercise tolerance in patients with these diseases is commonlylimited. The reduction of exercise tolerance might be at least in part, related to the cell energy crisis in the exercising muscle. In patients with diabetes mellitus (DM), exercise tolerance is lower, and hypoperfusion in skeletal subjects were asked to rest on a bed for 30 minutes before exercise. The sphygmomanometer cuff on the upper armwas inflated to a mean arterial pressure during forearm exercise. Forearm exercise was performed by squeezing a hand dynamometeronce every second for 2 minutes as powerfully as possible. To evaluate the production of metabolites by skeletal muscle, venous blood was drawn from the antecubital vein before the test, immediately after, and 4 minutes, 10 minutes, and 60 minutes after the test; and changes in plasma ammonia (AAmm), lactate (ALAC) and hypoxanthine (A HX), were measured by HPLC or enzymatic methods.
Although it is reasonable to measure the difference between arterial and venous (A-V) concentration of the metabolites to examine muscles metabolism, we measured changes in the level of metabolites in venous samples. In a preliminary study, we compared the changes in A-Vconcentration difference of AHX,AAmm and ALACin the semi-ischemic forearm with the changes in venous blood samples taken from the antecubital vein (n=5). The increases in A-V difference of AHX,AAmm and ALACobserved in the semi-ischemic forearm test were exactly the same as those in venous difference of AHX,AAmmand ALAC.Therefore, the changes in the level of metabolites in the venous sample seem to reflect the metabolism of the skeletal muscles at semi-ischemic handgrip test.
Statistical analysis
Results are expressed as mean±SDand the significance of differences between the means was determined by Mann-Whitney U test where appropriate. The differences were considered significant when p values were less than 0.05. Figure 1 shows the changes in AHXfrom basal concentrations. Sumof the AHXafter semi-ischemic exercise (ZAHX) was significantly (p<0.05) greater in diabetic subjects (26. 1± 21.2 jiimol//) compared to normal controls (7.8±5.9 jumol//).
Results

Release of hypoxanthine from the exercising muscle
Release of ammoniaand lactate from the exercising muscle
Wesubdivided the patients into the excessive response group and the normal response group according to whether the increment in HXexceeds mean+2 S.D. of normal controls or not. In seven diabetic patients (patient Nos. 1 to 7 in Figure 2 shows the AHX,AAmm and ALACin diabetic patients with excessive response, those with normal response, and normal controls. AHXin the excessive response group was significantly greater comparedto both the control group and the normal response group ( Fig.   2A ). The AAmm in the excessive response group was significantly higher than that in either the control group or the normal response group (Fig. 2B) . The time course of the decline of concentrations of LACwas different between the excessive response group and the normal response group.
Namely, in the normal response group, the concentrations of LAClevels immediately returned to the baseline level, however, in the excessive response group, the LAClevels at 4 and 10 minutes postexercise were significantly higher than those in both the control and normal response groups (Fig.   2C ).
HX, Amm,and LACin patients with or without diabetic retin opa thy As shown in Fig. 3 tively) were not significantly different, but both were significantly (p<0.01 and p<0.05; respectively) greater than that of controls (1.8±0.6 mmol//). At 0 and 4 minutes, AAmmvalues of patients with retinopathy were higher than those of both control and patients without retinopathy but the differences did not reach to a significant level (data not shown). 
Discussion
In this report, we showed that; 1) the plasma concentration of HX was significantly increased after the semiischemic forearm test in about half of the diabetic patients, associated with the elevation of both blood LACand plasma Amm,and that; 2) the time course of the decline of blood LACafter the semi-ischemic forearm test was significantly slower in the patients with excessive purine degradation.
Purine degradation in patients with DM It is well established that exercise increases plasma HXin some pathophysiological states, including glycogen storage disease types III, V, VII (3), mitochondrial myopathy (4), hypoparathyroidism (7) , hyperthyroidism (8, 9) , congestive heart failure (10), and chronic renal failure with hemodialysis (ll). The increase in plasma HXis associated with concomitant increase in plasma Amm. These findings suggest that HXis a good index of purine degradation through the purine nucleotide cycle, because the increased AMP deamination via activation of AMPdeaminase could accelerate the subsequent breakdown of inosine monophosphate to inosine, thereby leading to the increased formation of HX and Amm (1) . Previous studies from our laboratory (9, 13) showed that both HXand Ammlevels after forearm test increase in parallel. Thus, the augmented response in plasma HXto semi-handgrip exercise with the elevation of plasma Ammin the diabetic patients would reflect the activation of the purine nucleotide cycle in the exercising muscle. The possible mechanisms of excessive purine degradation in the skeletal muscle after the semi-ischemic forearm test are: a) an "absolute" disturbance of the supply of ATP caused by deficient glycogenolysis or glycolysis; or b) a LAC,but a relative disturbance was associated with an increase in blood LAC. In this study, an increase in plasma HX was accompanied by an increase in blood LAC. Thus, the excessive purine degradation in diabetic patients could be due to the result of a "relative" disturbance in the supply of ATP, i.e., when the demand for ATPexceeded its supply during exercise. We investigated the factors responsible for the excess pruine degradation in diabetic patients, however, age, mode of therapy, HbAlc levels (excess response vs. normal re- Limitations to the study This study has several limitations. First, we acknowledge that the study population was small in number. Small sample size may have contributed to the lack of statistical significance of some of the results, and did not allow us to perform multivariate analysis to detect factors responsible for the excess purine degradation. Second, number of control subjects was also small, but we would like to point out that control values for metabolites in this study were similar to those reported in our previous studies (9, 13) . Third, we acknowledge that the absence of clearance data for the metabolite is a limitation. Theoretically, plasma HXconcentrations are raised by either increased production or decreased renal clearance of HX.Since we used the semi-ischemic forearm test to study the purine degradation in the present study, we could minimize the influence on the renal clearance of purine nucleotides with this type of exercise.
Conclusions
These data suggest that patients with DM, especially with microangiopathy have augmented purine degradation during the semi-ischemic forearm test. Factors responsible for the augmented purine degradation during semi-ischemic forearm test in these patients remain to be determined.
